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1
REFRIGERATION SYSTEM

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application 1s a continuation of international applica-
tion No. PCT/EP2006/000581 filed on Jan. 24, 2006 and

claims the priornity and benefit of German application No. 10
2005 009 173.3 filed on Feb. 17, 2005, the teachings and

disclosure of which are hereby incorporated 1n their entirety
by reference thereto.

BACKGROUND OF THE

INVENTION

The invention relates to a refrigeration system comprising,
a refrigerant circuit, 1n which a main mass tflow of a refriger-
ant—preterably carbon dioxide—is guided, a heat exchanger
arranged 1n the refrigerant circuit on the high pressure side, an
expansion cooling device which 1s arranged 1n the refrigerant
circuit, cools the main mass flow of the refrigerant in the
active state and thereby generates an additional mass flow of
gaseous relrigerant, a reservoir for liquefied reirigerant
arranged 1n the refrigerant circuit, at least one expansion unit
tor liquefied refrigerant of the main mass tlow, this expansion
unit being arranged in the refrigerant circuit and having an
expansion element and a post-connected heat exchanger on
the low pressure side which makes refrigerating capacity
available, 1.e., increases the enthalpy of the refrigerant, and at
least one refrigerant compressor which 1s arranged in the
refrigerant circuit and has a main compressor stage and at
least one additional compressor stage driven together with the
main compressor stage, these two stages compressing refrig-
erant to high pressure, wherein the main compressor stage
and the at least one additional compressor stage can be used
such that either the main compressor stage compresses refrig-
crant from the main mass flow and the additional compressor
stage refrigerant from the additional mass flow or the main
compressor stage and the additional compressor stage com-
press refrigerant from the main mass flow.

Refrigeration systems of this type are known from the state
of the art, wherein they are designed for customary refriger-
ants.

Refrigeration systems of this type are described, for
example, in EP 0 180 904 A2.

Proceeding from this known state of the art, the object
underlying the ivention 1s to create a refrigeration system
which may be adapted to different operating conditions 1n an
optimum manner.

SUMMARY OF THE INVENTION

This object 1s accomplished 1n accordance with the mnven-
tion, 1n a refrigeration system of the type described at the
outset, 1n that at least two refrigerant compressors are
arranged 1n the refrigerant circuit and can be switched on
individually for the purpose of compressing the main mass
flow, that at least two of the refrigerant compressors each have
at least one additional compressor stage, that each of the
additional compressor stages can be used optionally for the
compression of refrigerant from the main mass flow or for the
compression of refrigerant from the additional mass tlow and
that a control 1s provided, with which such a number of
additional compressor stages for the compression of refrig-
erant from the additional mass tlow can be switched on 1n a
first operating mode as a function of operating conditions that
the expansion cooling device liqueties the main mass tlow and
reduces 1ts enthalpy.
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The advantage of the solution according to the invention 1s
to be seen 1n the fact that this creates the possibility, on
account of the variable switchability of the additional com-
pressor stages, of adapting the liquetying of the main mass
flow and the reduction 1n enthalpy to the various operating
conditions and, therefore, of always keeping them 1n an opti-
mum range.

It 1s particularly favorable when the expansion cooling
device reduces the enthalpy of the main mass tlow by at least
10%.

It 1s even more advantageous when the expansion cooling
device reduces the enthalpy of the main mass tlow by at least
20%. The refrigeration system can be used particularly favor-
ably when the first operating mode corresponds to a super-
critical operation, for example, with carbon dioxide as refrig-
erant.

A supercritical operation 1s to be understood such that the
refrigerant compressed to high pressure cannot be cooled 1n
the heat exchanger on the high pressure side to a temperature
which corresponds to an 1sotherm passing through the boiling
point curve and saturation curve of the refrigerant but rather
can merely be cooled to a temperature which corresponds to
an 1sotherm extending outside the boiling point curve and
saturation curve and so the refrigerant 1s not liquefied.

Furthermore, a particularly favorable embodiment pro-

vides for the expansion cooling device to convert the main
mass flow mnto a thermodynamic state, the pressure and
enthalpy of which are lower than pressure and enthalpy of a
maximum of the saturation curve or boiling point curve 1n an
enthalpy/pressure diagram.
The thermodynamic state of the main mass flow brought
about by the expansion cooling device 1s preferably close to
the boiling point curve of the enthalpy/pressure diagram, in
particular, essentially on the boiling point curve or at an
enthalpy which 1s lower than the enthalpy corresponding to
the boiling point curve at the respective pressure.

The expansion cooling device may be designed, in prin-
ciple, 1n any optional manner.

A particularly favorable solution provides, however, for the
expansion cooling device to have an expansion valve for the
expansion of refrigerant to an intermediate pressure and for
the intermediate pressure of the expansion cooling device to
be adjustable by switching on the suitable number of addi-
tional compressor stages.

Furthermore, the expansion cooling device could operate,
for example, such that only an expansion of the refrigerant
forming the additional mass flow takes place.

It 15, however, even more advantageous when the expan-
s1on valve of the expansion cooling device expands refriger-
ant of the main mass flow and of the additional mass flow to
the intermediate pressure.

With respect to the arrangement of the reservoir for the
liquad refrigerant, no further details have so far been given.
One particularly favorable solution provides, for example, for
the expansion cooling device to also comprise the reservoir
for the liquid refrigerant of the main mass flow and, therefore,
the construction of the refrigeration system according to the
invention 1s simplified.

A solution which 1s particularly preferred from a construc-
tional point of view provides for the expansion valve to trans-
ter the expanded refrigerant from the main mass flow and the
additional mass flow 1nto a container, 1n which the reservoir
tor the liquid refrigerant of the main mass tlow 1s formed, over
which a vapor chamber 1s located, from which the refrigerant
forming the additional mass tlow 1s then discharged so that
part of the refrigerant vaporizes and, as a result, cools or even
supercools the main mass flow.
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An additional, advantageous embodiment of the refrigera-
tion system according to the invention provides for the expan-
sion cooling device to be 1n the inactive state in a second
operating mode and to bring about no cooling of the main
mass tlow.

This means that, 1n this case, no additional mass flow of
reirigerant results and, therefore, the refrigeration system
according to the mvention can be operated 1n the conven-
tional, known manner by way of a circuit of the entire refrig-
erant in the form of the main mass flow.

It 1s expediently provided 1n such a second operating mode
ol the refrigeration system for all the additional compressor
stages to compress refrigerant of the main mass flow.

Furthermore, 1t 1s provided 1n a second operating mode of
the refrigeration system according to the invention for the
reservolr for liquid refrigerant of the main mass flow to be
subject to high pressure.

It 1s provided, 1n particular, 1n one embodiment for the
second operating mode to correspond to a subcritical opera-
tion of the refrigeration system.

A subcritical operation of the refrigeration system within
the meaning of the solution according to the invention 1s to be
understood such that such a strong cooling of the refrigerant
compressed to high pressure 1s possible 1n the heat exchanger
on the high pressure side that this refrigerant 1s converted into
a thermodynamic state which 1s below the saturation curve or
boiling point curve, 1.e., in the range of the coexistence of
liquid and vapor and 1s, therefore, cooled 1n such a manner
that the refrigerant 1s liquefied by the heat exchanger on the
high pressure side.

In order to be able to always operate the refrigeration
system according to the invention at optimum conditions, 1n
particular, 1n adapting to the refrigerating capacity required, it
1s provided for the control to control the refrigerant compres-
sors 1n accordance with the refrigerating capacity required,
1.€., the refrigerant compressors can either be operated with a
variable rotational speed and/or can be switched on or off.

In this respect, it 1s particularly expedient when the control
1s 1n a position to switch the refrigerant compressors on or off
individually 1n accordance with the refrigerating capacity
required, 1.¢., foritto be possible, by switching the at least two
refrigerant compressors 1n the refrigerant circuit on or off
individually, to adapt the compressor capacity to the refrig-
erating capacity required and, therefore, always operate the
refrigeration system according to the invention in an optimum
mannet.

With respect to the configuration of the additional com-
pressor stages 1n relation to the respective main compressor
stage, no further details have so far been given. It is, for
example, particularly favorable when each refrigerant com-
pressor with additional compressor stage 1s dimensioned such
that the mass tlow of refrigerant of the additional mass tlow
compressed by the additional compressor stage corresponds
at the most to the mass flow of refrigerant of the main mass
flow compressed by the main compressor stage 1n this refrig-
erant compressor.

Furthermore, the possibilities provided by the control for
adjusting the additional mass tlow and the imtermediate pres-
sure may be utilized advantageously in that the refrigerant
compressors with additional compressor stage are dimen-
sioned such that the additional compressor stages of different
refrigerant compressors compress different mass tlows of
reirigerant of the additional mass tlow.

As aresult, a considerable variation of the additional mass
flow to be compressed can be brought about by way of a
suitable selection of the additional compressor stages pro-
vided for the compression of refrigerant of the additional
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mass flow, 1n particular, by way of a suitable combination of
additional compressor stages configured for different mass
flows without the capacity of the main compressor stages
needing to be altered for this purpose.

Since, 1n the case of refrnigeration systems which are
intended to operate 1n the supercritical range, a very great
difference 1n pressure must be generated during the compres-
s1on of the refrigerant, 1t 1s preferably provided for the refrig-
erant compressors with additional compressor stage to be
reciprocating compressors.

In the case of reciprocating compressors of this type, each
of the refrigerant compressors with additional compressor
stage 1s expediently designed such that this has at least one
cylinder for the additional compressor stage and at least one
cylinder for the main compressor stage.

A refrigeration system of this type may be realized particu-
larly favorably when the number of cylinders for the main
compressor stage 1s greater than the number of cylinders for
the additional compressor stage 1n each refrigerant compres-
sor with additional compressor stage.

Furthermore, a solution of the refrigeration system accord-
ing to the mmvention which 1s particularly favorable with
respect to the variable adjustability of the additional mass
flow provides, 1n the case of the refrigerant compressors with
additional compressor stage, for the additional compressor
stages of different refrigerant compressors to have a different
volumetric displacement so that, as a result, a particularly
broad range of volumetric displacements for the additional
mass tlow 1s also available for selection 1n different combi-
nations of the additional compressor stages.

Furthermore, an additional solution which 1s suitable with
respect to 1ts variability provides for the ratio of the volumet-
ric displacement of the additional compressor stage to the
volumetric displacement of the main compressor stage for
cachrefrigerant compressor with additional compressor stage
to be different 1n relation to at least one of the other refrigerant
compressors with additional compressor stage so that not
only the volumetric displacements of the additional compres-
sor stages may be combined by suitable selection and com-
bination with one another to form as great a range of variation
as possible but also the volumetric displacements of the main
compressor stages.

A further, advantageous embodiment of the refrigeration
system according to the mvention provides for the reservoir
for liquefied refrigerant to operate at an intermediate pressure
in the first operating mode and for an additional expansion
unmit with an expansion element and a post-connected heat
exchanger making refrigerating capacity available to be pro-
vided between the heat exchanger on the high pressure side
which cools the refrigerant and the reservoir for liquefied
refrigerant. The degree of thermodynamic eflectiveness of
the refrigeration system according to the mvention may be
improved even further with this additional expansion unit
since the vaporization temperature 1n this additional expan-
sion unit 1s higher which presupposes that the refrigerating,
capacity available can be used at a higher temperature level,
for example, for air cooling or air conditioning.

A considerably improved degree of thermodynamic etiec-
tiveness can be achieved at supercritical operating conditions,
in particular, in all the preceding embodiments. Moreover, the
refrigerating capacity for a defined compressor volumetric
displacement 1s greater and the characteristic capacity curve
1s flatter 1n relation to the surrounding temperature which has
a positive effect on the regulating characteristics of the refrig-
cration system.

The reason for the greater cost efficiency during supercriti-
cal operation 1s, 1n particular, the fact that the vaporization of
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the additional mass flow 1s brought about at a higher level of
pressure than the vaporization 1n the heat exchangers of the
expansion units on the suction side. This leads to an improve-
ment in the degree of thermodynamic effectiveness resulting
in reduced energy requirements for a defined refrigerating
capacity.

Cooling of the refrigerant of the main mass tlow at satura-
tion pressure up to the boiling point curve or saturation curve
1s brought about, 1n particular, due to the expansion of the
main mass flow and of the additional mass flow 1n conjunction
with the additional mass flow being drawn off by suction. As
a result, the difference 1n enthalpy for the vaporization and
overheating 1s increased. The percentage increase 1n the dii-
terence 1n enthalpy 1s higher than the proportion of compres-
sor capacity which must be used for the compression of the
additional mass flow. Apart from the improvement in the
degree of effectiveness mentioned before, this also leads to a
greater refrigerating capacity—in relation to an identical total
volumetric displacement of the refrigeration system.

Furthermore, it 1s of advantage in the case of the refrigera-
tion system according to the invention, in particular, when
carbon dioxide 1s used as refrigerant when the refrigerant
compressor has cylinder heads, with which inlet chambers
and outlet chambers are essentially thermally decoupled so
that essentially no heating up of the inlet chambers with the
refrigerant to be drawn 1n by suction takes place as a result of
the heating of the refrigerant during the compression to high
pressure and the heating up of the outlet chambers connected
therewith and, therefore, there 1s no negative influence on the
compressor capacity.

In order to be able to use the additional compressor stages
cither for the compression of the main mass flow or for the
compression of the additional mass flow it 1s, 1n principle,
conceivable to provide controlled valves which supply the
additional compressor stages either with refrigerant from the
main mass tlow or from the additional mass flow.

A solution which is particularly simple from a construc-
tional point of view provides, however, for a check valve to be
provided for connecting an inlet chamber of the additional
compressor stage to the low pressure connection of the main
compressor stage so that the additional compressor stage
compresses refrigerant of the main mass flow automatically
when the additional mass flow 1s interrupted.

A particularly simple solution provides i this respect for
the check valve to connect the inlet chamber of the additional
compressor stage to the mlet chamber of the main compressor
stage.

Another advantageous solution provides for the check
valve to be provided 1n a valve plate of the respective refrig-
cerant compressor. This solution has the advantage that the
valve plate which 1s already equipped with valves need
merely be provided with an additional check valve and, there-
tore, the check valve 1s particularly easy to mount.

In this respect, 1t 1s particularly expedient when a connect-
ing channel between the low pressure connection and the
check valve runs 1n a cylinder housing and can be integrally
formed 1n 1t 1n the same way as the 1nlet channel for supplying
the main compressor stage with refrigerant supplied via the
low pressure connection.

Additional features and advantages of the invention are the
subject matter of the following description as well as the
drawings 1llustrating several embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 shows a schematic 1llustration of a first embodiment
of a refrigeration system according to the invention;
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FIG. 2 shows a schematic 1llustration of one of the refrig-
erant compressors used 1n the refrigeration system according
to the invention 1n accordance with the first embodiment and
comprising main compressor stage and additional compres-
SOr stage;

FIG. 3 shows an 1llustration of the pressure [P] over the
enthalpy [h] 1n the case of a subcritical cyclic process which
can be realized with the first embodiment and a possible
supercritical cyclic process not, however, corresponding to
the invention;

FIG. 4 shows an 1llustration of the pressure [P] over the
enthalpy [h] 1n the case of a cyclic process according to the
invention which can be carried out with the first embodiment
of the solution according to the invention in the supercritical
range with expansion of the refrigerant compressed to high
pressure to an imtermediate pressure and simultaneous reduc-
tion of the enthalpy due to an additional mass tlow being
drawn off by suction;

FIG. 5 shows a schematic 1llustration of a refrigerant com-
pressor 1n a second embodiment of the refrigeration system
according to the invention;

FIG. 6 shows a schematic illustration of a third embodi-
ment of a refrigeration system according to the mvention;

FI1G. 7 shows a perspective illustration of a cylinder head of
a first, preferred embodiment of a refrigerant compressor for
a relfrigeration system according to the invention;

FIG. 8 shows a perspective view of the cylinder head
according to FIG. 7 with an underside thereof pointing
upwards;

FIG. 9 shows a partial section through a second, preferred
embodiment of a refrigerant compressor for the refrigeration
system according to the ivention; and

FIG. 10 shows a perspective illustration of a valve plate of
the second, preferred embodiment of the refrigerant compres-
sor according to FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

One embodiment of a refrigeration system illustrated 1n
FIG. 1 comprises a refrigerant circuit which 1s designated as
a whole as 10 and 1n which several, for example, three refrig-
erant compressors 12a to 12¢ are arranged, the high pressure
connections 14a to 14¢ of which are connected to a high
pressure line 16 of the refrigerant circuit 10.

The high pressure line 16 leads to a heat exchanger 18 on
the high pressure side which cools the refrigerant compressed
to high pressure PH, for example, with a stream 20 of cooling
agent, wherein the cooling agent 1s preferably ambient air
which flows through the heat exchanger 18.

It 1s, however, also conceivable to provide another cooling
agent, for example, water or the like 1nstead of ambient air.

An additional high pressure line 22 leads from the heat
exchanger 18 to an expansion valve 24 and to a bypass valve
26 which 1s connected 1n parallel to the expansion valve 24,
both of which open 1nto a container 28 which 1s designed such
that 1t comprises a reservoir 30 for liquid refrigerant, 1n which
a volume 32 of liquid refrigerant 1s always present which—as
will be described 1n detail 1n the following—represents a
butifer volume for liquid refrigerant in the refrigerant circuit
10.

A line 34 leads from the reservoir 30 to expansion units 40,
for example, four expansion units 40a to 404 which are con-
nected 1n parallel.

The line 34 1s connected to the reservoir 30 1n such a
manner that it conveys essentially only liquid refrigerant to
the expansion units 40 and they can, therefore, be operated
and, 1n particular, regulated 1n the known manner since an
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expansion of liquid refrigerant, essentially without any pro-
portion of gas, always takes place.

The regulation of expansion units 40 which are supplied
with liquid refrigerant corresponds to the type of regulation in
the case of known refrigeration systems.

Each of the expansion units 40 comprises a stop valve 42,
an expansion valve 44 which expands the liquid refrigerant
and a heat exchanger 46 on the low pressure side which 1s 1n
a position, on account of the expanded refrigerant, to provide
refrigerating capacity, as designated by the arrow 48.

The heat exchangers 46 of the expansion units 40 con-
nected 1n parallel are connected to a common low pressure
line 50 which leads to low pressure connections 32a to 52¢ of
the refrigerant compressors 12a to 12c¢.

The sum of all the branch mass flows 54a, 545, 54¢ and 544

of the refrigerant, which pass through the expansion units 40
and are collected by the low pressure line 50, form a main
mass tlow 56 of the refrigerant circuit 10 which 1s again
divided up, for 1ts part, into branch mass flows 58a, 385 and
58¢ which are drawn 1n by the refrigerant compressors 12a to
12¢ via the lower pressure connections 32a to 52¢ and com-
pressed to high pressure PH 1n order to exit again through the
high pressure connections 14a to 14¢ of the refrigerant com-
pressors 12.

Since the branch mass flows 544 to 544 have been removed
from the line 34, the main mass flow 56 also tlows through the

line 34 following the reservoir 30 and is then allotted again to
the branch mass flows 34a to 544.

Asillustrated in FI1G. 2, each of the refrigerant compressors
12 1s designed, for example, as a reciprocating compressor
and comprises a cylinder housing 60, 1n which altogether four
cylinders 62a to 62d are, for example, provided, in which
refrigerant can be compressed by means ol pistons 64a to 64d
moved oscillatingly.

In a refrigerant compressor 12 designed in such amanner in
accordance with the invention, not all the cylinders 62a to 62d
operate as a uniform compressor stage but rather the cylinders
62a to 62c¢ are, for example, combined to form a main com-
pressor stage 66, in which these three cylinders 62a to 62¢
operate 1n parallel, 1.e., all three cylinders 62a to 62¢ draw 1n
refrigerant via the respective low pressure connection 52 and
deliver refrigerant compressed to high pressure PH to the
respective high pressure connection 14.

Furthermore, the cylinder 62d, which 1s driven by a drive
motor 68 together with the remaining cylinders of the main
compressor stage 66 and 1n the same way as them, 1s operated
as a separate additional compressor stage 70 which 1s likewise
connected to the high pressure connection 14 on the output
side but 1s 1n a position to draw 1n refrigerant either via an
additional connection 72 or via the low pressure connection

S2.

In the simplest case, a check valve 76 1s provided 1n the
connecting channel 74 running between the additional con-
nection 72 and the low pressure connection 52 and this blocks
the connecting channel 74 when the pressure at the additional
connection 72 1s higher than that at the low pressure connec-
tion 52 and so the connecting channel 74 1s blocked when
refrigerant 1s present at the additional connection 72 at a
higher pressure than at the lower pressure connection 52 and,
therefore, the additional compressor stage 70 draws 1n refrig-
erant via the additional connection 72. A controlled valve can,
however, also be provided.

If, however, the additional connection 72 1s closed or
blocked so that no refrigerant can be drawn 1n via this con-
nection, the check valve 76 opens and the additional com-
pressor stage 70 draws in refrigerant via the lower pressure
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connection 32 and compresses this to high pressure PH 1n the
same way as the main compressor stage 66.

As 1llustrated 1n FIG. 1, the additional connections 72a to
72¢ of the refrigerant compressors 12a to 12¢ are each con-
nected via stop valves 80a to 80c¢ to a distributor line 82 which
opens 1nto the container 28, namely such thatit1s 1n a position
to discharge vaporized refrigerant out of a vapor chamber 84
of the container 28.

The vaporized refrigerant discharged by the distributor line
82 from the container 28 forms an additional mass tlow 86
which can be distributed by the distributor line 82 to the
additional compressor stages 70 1n order to be compressed by
them to high pressure PH.

The additional mass tflow 86 can therefore be controlled
due to the fact that individual ones of the stop valves 80a to
80c¢ are opened or closed.

For the purpose of controlling the refrigeration system, a
control designated as 90 1s provided altogether and this1sn a
position to activate the individual stop valves 80a to 80c¢
individually.

I1 all the stop valves 80a to 80c¢ are closed, no additional
mass flow 86 tlows through the distributor line 82 and no
compression of an additional mass tflow 86 takes place 1n the
additional compressor stages 70 and so only the main mass
flow 56 1s compressed and expanded altogether in the refrig-
erant circuit 10 with all the cylinders 62.

I1, however, one of the stop valves 80a to 80c¢ 1s open or all
the stop valves 80a to 80c¢ are open, the additional mass flow
86 tlows through the distributor line 82, 1s supplied to the
additional compressor stages 70 which are connected to the
distributor line 82 via the opened stop valves 80a to 80¢ and
1s, therefore, compressed by the corresponding additional
compressor stages 70 of the respective refrigerant compres-
sors 12 such that the additional mass flow 86 flows not only
through the high pressure line 16 but also through the heat
exchanger 18 on the high pressure side 1n addition to the main
mass tlow 56 and 1s supplied to the container 28 via the
additional high pressure line 22, wherein a separation takes
place between the main mass tlow 56 and the additional mass
flow 86 1n the container 28 to the effect that the main mass
flow 56 1s supplied to the expansion units 40 via the line 34
whereas the additional mass flow 86 1s supplied to the corre-
sponding additional compressor stages 70 via the distributor
line 82 and does not, therefore, flow through the expansion
units 40.

A refrnigeration system designed 1n this way may be oper-
ated as follows with, 1n particular, carbon dioxide (CO,) used
as refrigerant:

If an adequately vigorous cooling of the refrigerant, which
has been compressed to high pressure PH, in the heat
exchanger 18 on the high pressure side 1s possible, the refrig-
eration system may be operated 1n the so-called subcritical
cyclic process. With carbon dioxide as refrigerant, this pre-
supposes that the temperature of the cooling agent 20 sup-
plied to the heat exchanger 18 on the high pressure side 1s 1in
the order of magnitude of approximately 23° C. or below. In
this case, the cooling of the refrigerant compressed to high
pressure PH leads to a liquelying thereof and so the bypass
valve 26 1s opened by the control 90 and the liquid refrigerant
1s supplied directly to the reservoir 30 for liquid refrigerant
from the additional high pressure line 22.

This liquid refrigerant then forms the main mass flow 56
which 1s distributed to the individual expansion units 40 via
the line 34 insofar as they have been switched on by the
control 90, 1.e., the stop valves 42a to 42d are open.

The activation of the individual expansion units 40a to 404
1s brought about 1rrespective of whether or not refrigerating
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capacity 48 1s intended to be made available 1n the area of the
respective heat exchanger 46 on the low pressure side.

The refrigerant expanded in the individual expansion units
40a to 404 1s then supplied to the individual low pressure
connections 52a to 52¢ of the individual refrigerant compres-
sors 12a to 12¢ via the low pressure line 50.

The control 90 does not necessarily operate all the refrig-
erant compressors 12a to 12¢ in the full load range but rather
can operate etther individual ones of the refrigerant compres-
sors 12a to 12¢ 1n the full load range or individual ones or all
of the refrigerant compressors 12a to 12¢ 1n the partial load
range, 1.e., with a reduced rotational speed of the respective
drive motor 68. It 1s, however, also possible to switch off
individual ones of the refrigerant compressors 12a to 12c¢
completely on the part of the control 90, for example, when
only some of the expansion units 40a to 404 are intended to
have refrigerating capacity made available at their respective
heat exchanger 46.

Moreover, the control closes the stop valves 80a to 80c¢ in
the subcritical range so that the additional compressor stages
70 of all the refnigerant compressors 12a to 12¢ draw 1n
reirigerant from the main mass flow 56 via the respective
check valve 76 and compress 1t to high pressure PH.

Such a cyclic process for the subcritical operation 1s 1llus-
trated 1n FI1G. 3 by the dashed lines, wherein the state at point
A represents the beginning of compression of refrigerant
from the main mass flow 56 by the respective refrigerant
compressor 12 which 1s terminated at the state at point B.

Proceeding from the state at point B, the refrigerant com-
pressed at high pressure PH 1s cooled as far as a state at point
C which 1s approximately on the saturation curve or boiling
point curve 96 for carbon dioxide as refrigerant.

This refrigerant which 1s now cooled but liquefied in the
heat exchanger 18 can now be supplied in this state to the
individual expansion units 40, wherein an 1senthalpic expan-
s1on of the refrigerant takes place as a result of the expansion
valve 44 of each of the expansion units 40 which leads to a
reduction 1n the pressure combined with a reduction 1n the
temperature and so the state at point D 1n FIG. 3 1s reached.

Proceeding from the state at point D, the relrigerating
capacity 48 can now be made available 1n the respective heat
exchanger 46 on the low pressure side as a result of an
increase 1n enthalpy until the state at point A 1s again reached
which, with respect to enthalpy and pressure, represents the
refrigerant which 1s supplied to the low pressure connections
52 of the refrigerant compressors 12 via the low pressure line
50.

If no cooling agent 1s, however, available which 1s a posi-
tion to cool the refrigerant to a temperature in the order of
magnitude of 23° C. but rather the cooling agent available 1s
one which merely allows cooling to higher temperatures of
the refrigerant, for example, over 31°, only a so-called super-
critical cyclic process (illustrated 1n FIG. 3 by solid lines)
would be possible with the refrigeration system according to
FIG. 1, with an open bypass valve 26 and mnoperative expan-
sion valve 24; with this process the refrigerant would have
had to be compressed to a higher pressure 1n accordance with
the state at point B' in FIG. 3, wherein a subsequent cooling in
the heat exchanger 18 on the high pressure side leads to a state
at point C' 1n FIG. 3 which 1s outside the saturation curve 96.

The refrigerant in the state at point C' in FIG. 3 1s still
gaseous. A subsequent, 1senthalpic expansion of the refriger-
ant 1n the individual expansion units 40 would then lead to the
state at point D' in FIG. 3, wherein the consequence of this
would be the fact that gaseous refrigerant would be supplied
to the expansion valves 44 of the expansion units 40 and
gaseous relrigerant would have to be expanded. Such an
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expansion of a gaseous refrigerant 1s subject to diflerent regu-
lating characteristics and so, as a result, the regulating char-
acteristics known so far for the expansion valves 44 are not
suitable.

For this reason, no supercritical cyclic process from point
A to B'to C'and D' and then again to A, as 1llustrated in FIG.
3, takes place during supercritical operation of the refrigera-
tion system but rather the bypass valve 26 1s closed by the
control 90 and the expansion valve 24 1s activated so that the
refrigerant entering the container 28 from the additional high
pressure line 22 can be expanded by the expansion valve 24 to
an mtermediate pressure PZ 1n accordance with the state Z 1n
FIG. 4. In this respect, the temperature may be reduced, 1n

addition, 1n the case of the mtermediate pressure PZ due to
vaporization of refrigerant to such an extent, and, therefore,

the enthalpy also be reduced, that liquid refrigerant of the
main flow 56, the state of which corresponds to the state at
point C on the boiling point curve 96 in FIG. 4, 1s present in
the container 28.

In order to be able to arrive at the state at point C from the
state at point C' 1n FIG. 4, 1t 1s necessary to predetermine the
intermediate pressure PZ 1n the container 28 and to stabilize
this mtermediate pressure PZ by drawing oif the vaporized
refrigerant, wherein the vaporized refrigerant results 1n the
additional mass tlow 86 which must be discharged from the
vapor chamber 84 of the container in order to be able to keep
the intermediate pressure PZ at the desired level.

The state at point C 1s at a value of the enthalpy [h] which
1s lower by more than 20% in relation to a maximum 98 of the
boiling point curve 96 and which is reached due to the vapor-
ization of the refrigerant forming the additional mass tlow,
wherein the state at point C in FIG. 4 1s either essentially on
the boiling point curve 96 or, where applicable, 1n the case of
additional cooling, e.g., via a heat exchanger which has
expanded main mass tlow passing through it at a somewhat
lower enthalpy than the enthalpy of the state at point C.

For this purpose, the control 90 must open at least some of
the stop valves 80a to 80c¢ or all the stop valves 80a to 80¢ 1n
order, as a result, to cause refrigerant to be drawn 1n from the
additional flow 86 by the additional compressor stages 70 1n
order to maintain the intermediate pressure PZ 1n the con-
tainer 28 and to be compressed to high pressure PH.

As aresult, the refrigerant of the main mass flow 56 may be
supplied to the individual expansion units 42a to 42¢ via the
line 34 and converted, due to 1senthalpic expansion in the
expansion units 40 by means of the expansion valves 44, into
the state designated in FI1G. 4 as point D, in which the output
of refrigerating capacity 48 1s possible with an increase 1n
enthalpy up to the state at point A in the respective heat
exchanger 46 on the low pressure side, wherein it 1s apparent
in a comparison with FIG. 3 that the refrigerating capacity

available 1s greater than 1n a supercritical cyclic process 1n
accordance with the states at points A, B', C', D' in FIG. 3.

The advantage of the 1dea according to the invention 1s to
be seen 1n the fact that 1t 1s possible to select the high pressure
PH 1n an optimum manner 1n accordance with the course of
the 1sotherms of the refrigerant used without the subsequent
expansions needing to be taken nto consideration.

Furthermore, the intermediate pressure PZ may likewise be
optimized by way of suitable variation of the additional mass
flow, namely such that the percentage reduction in the
enthalpy of the main mass tflow 1s higher than the proportion
of displacement capacity which is required for the additional
mass flow 1n the total displacement capacity of the compres-
sor and so the losses with respect to displacement capacity
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caused by compression of the additional mass tlow are over-
compensated by the reduction 1n the enthalpy of the main
mass tlow.

The cyclic process carried out for maintaining the interme-
diate pressure PZ as a result of compression of the additional
mass tlow 86 1s illustrated 1in FIG. 4 by dashed lines and
extends from the state at point Z as a result of an 1ncrease 1n
enthalpy of the vaporized refrigerant to the state at point A"
and from the state at point A" to the state at point B" which 1s,
again, at the high pressure PH and from the state at point B
to the state at point C' and from the state at point C' to the state
at point Z.

In the case of such a supercritical cyclic process, as 1llus-
trated in FIG. 4, between the states at the points A, B, C', C
and D, the additional mass flow 86 which occurs 1s not con-
stant 1n relation to the main mass flow 56 when the interme-
diate pressure PZ 1s intended to be adjusted 1n an optimized
manner but varies depending on how many expansion units
40 are activated in the refrigerant circuit 10 and depending on
how high the temperature of the cooling agent 20 1s which 1s
supplied to the heat exchanger 18 on the high pressure side.

In order to have an intermediate pressure PZ corresponding,
to optimized operating conditions with the most varied of
operating conditions and, consequently, to be able to com-
press an additional mass tlow 86 maintaining this intermedi-
ate pressure PZ via the additional compressor stages 70, the
additional compressor stages 70 of the refrigerant compres-
sors 12 are designed in such a manner that an optimized
supercritical operation 1s still possible with a maximum out-
put of refrigerating capacity by all the expansion units 40 and
with a maximum temperature of the cooling agent 20 and the
additional mass flow 86 thereby resulting can be compressed
to high pressure PH by the entirety of the active additional
compressors stages 70 to maintain a suitable level of the
intermediate pressure PZ.

If more favorable operating conditions are present, pro-
ceeding from this operating state, the control 90 can either
reduce the rotational speed of the drive motors 68 of one or
more of the refrigerant compressors 12 or switch off one of
the refrigerant compressors 12, wherein, as a result, not only
the compressor capacity of the main compressor stage of this
refrigerant compressor 12 1s dispensed with but also the com-
pressor capacity of the additional compressor stage 70.

If, however, the operating conditions change to the extent
that, for example, cooling agent 20 with a lower temperature
1s available, the additional mass flow 86 1s altered since less
refrigerant has to be vaporized in order to obtain liquid refrig-
crant 1n the state at point C according to FIG. 4 at a suitable
intermediate pressure PZ.

In this case, the control 90 has the possibility of adapting
the compressor capacity of the additional compressor stages
70 to the smaller additional mass flow 86 required by closing
one or two of the stop valves 80a to 80c¢ and, therefore, of
maintaining an optimized intermediate pressure PZ in the
container 28.

The additional compressor stages 70, the stop valves 80 of
which have been closed, then draw 1n refrigerant of the cor-
responding low pressure connection 52 and, therefore, com-
press refrigerant from the respective main mass flow 56.

The i1dea according to the mvention therefore allows an
optimum adaptation of the intermediate pressure PZ by
adapting the compressor capacity of the additional compres-
sor stages 70a to 70c required for the compression of the
additional mass tlow 86 independently of the compressor
capacity of the main compressor stages 66.

In principle, it would be possible to design the refrigerant
compressors 12a to 12¢ 1n an identical manner so that each
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main compressor stage 66 and each additional compressor
stage 70 can generate the same compressor capacity.

It 1s, however, even more advantageous for the adaptation
to different operating conditions when the refrigerant com-
pressors 12a to 12¢ are designed such that, for example, a
second one of the refrigerant compressors 12a to 12¢ has
double the compressor capacity of the first refrigerant com-
pressor and a third refrigerant compressor double the com-
pressor capacity of the second refrigerant compressor,
wherein the doubling of the compressor capacity relates not
only to the main compressor stages 66 but also the additional
compressor stages 70.

As aresult, 1t 1s possible to obtain ditlerent multiples of the
compressor capacity of the first refrigerant compressor as a
result of different combinations of the first, second and third
refrigerant compressors, for example, double the compressor
capacity of the first refrigerant compressor solely by operat-
ing the second refrigerant compressor, treble the compressor
capacity of the first refrigerant compressor by operating the
first and second refrigerant compressors, four times the
refrigerating capacity by operating the third refrigerant com-
pressor and five times the refrigerating capacity by operating,
the third refrigerant compressor in combination with the first
refrigerant compressor as well as seven times the compressor
capacity by a combination of the first, second and third refrig-
erant Compressors.

With respect to the compressor capacity of the additional
compressor stages 70, additional possibilities for vanation
are also conceivable, namely to the extent that, for example,
the maximum capacity of the additional compressor stages 70
for the additional mass flow 86 1s available and this corre-
sponds to seven times the compressor capacity of the first
refrigerant compressor when all three refrigerant compres-
sors 12a to 12¢ are operated.

It 1s, however, also conceivable to use optional, whole
number multiples of the compressor capacity of the addi-
tional compressor stage 70 of the first refrigerant compressor
with analogous use of the procedure described above by
opening stop valves 80 and connecting the individual addi-
tional compressor stages 70 ol the individual refrigerant com-
pressors 12 to the distributor line 82 for the purpose of com-
pressing the additional mass tlow 86.

In a second embodiment of a refrigeration system accord-
ing to the mnvention, illustrated 1in FIG. 5, the refrigerant
compressors 12' are designed, for example, such that they
have two additional compressor stages 70, and 70, which
each have their own additional connections 72, and 72,.

For example, the cylinder 62¢ forms the additional com-
pressor stage 70, and the cylinder 624 the additional com-
pressor stage 70, while the cylinders 62a and 625 form the
main compressor stage 66.

Such a construction of one of the refrigerant compressors
12 or all the refrigerant compressors 12 creates an even
greater variability with respect to the compressor capacity
available for the compression of the additional mass flow 86
since the individual additional compressor stages 70, and 70,
can be selectively connected to the distributor line 82 indi-
vidually or together by opening the corresponding stop valves
80 or can be used for the purpose of compressing refrigerant
of the main mass tlow 56.

As for the rest, the second embodiment of the refrigeration
system according to the mvention corresponds to the first
embodiment and so reference can be made in full to the
description of the first embodiment of the refrigeration sys-
tem according to the invention.

A third embodiment of the refrigeration system according
to the invention, illustrated in FIG. 6, 1s also based on the first
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embodiment of the refrigeration system according to the
invention, wherein the same parts are given the same refer-
ence numerals and so with respect to the description thereof
reference 1s made 1n full to the comments on the first embodi-
ment.

In the third embodiment, an additional expansion unit 100
1s connected in parallel to the bypass valve 26 and the expan-
sion valve 24.

The additional expansion unit 100 comprises, for 1ts part, a
stop valve 102, an expansion valve 104 and a heat exchanger
106 on the high pressure side, from which refrigerating
capacity can be discharged, as designated by an arrow 108.

It 1s likewise possible with this additional expansion unit to
expand refrigerant from the high pressure line 22 and, there-
fore, to obtain refrigerating capacity 108 which 1s available
externally, wherein the refrigerant 1s merely expanded to the
intermediate pressure PZ present in the container 28.

It 1s, therefore, possible to operate a heat exchanger 106
working at a higher temperature level, 1n addition, during
supercritical operation and, as a result, increase the degree of
elficiency of the refrigeration system.

The refrigerant expanded 1n the additional expansion unit
100 does not, however, bring about any cooling effect for the
main mass flow 56 and must be discharged via the additional
mass flow 86 and be compressed again by the additional
compressor stages 70.

As for the rest, the third embodiment of the refrigeration
system according to the invention functions 1n a similar way
to the first embodiment and so with respect to i1ts functioning
reference 1s also made 1n full to the first embodiment.

With respect to the construction of the refrigerant compres-
sors, no further details have so far been given. Conventional
reciprocating compressors can, for example, be used as
refrigerant compressors.

It 1s particularly advantageous when, in a first preferred
embodiment of such a refrigerant compressor, a cylinder head
110 as 1llustrated 1n FIGS. 7 and 8 1s used and this 1s config-
ured 1n this case for two cylinders and has an outlet chamber
112 as well as a first inlet chamber 116 and a second inlet
chamber 118 which are separated from the outlet chamber
112 by a wall area 114 and, for their part, are again separated
by an mtermediate wall 120.

The inlet chamber 116 1s associated with one cylinder 62 of
the main compressor stage 66 while the inlet chamber 118 1s
associated with the cylinder 62 of the additional compressor
stage 70.

For this reason, the mnlet chamber 118 1s also provided
directly with a connection flange 122 for the additional con-
nection 72 while the nlet chamber 116 1s supplied with the
refrigerant via the normal inlet channels provided in the hous-
ng.

In addition, the outlet chamber 112 1s also provided with a
connection flange 124 for the high pressure connection 14.

In order to heat the refrigerant to be drawn into the inlet
chambers 116 and 118 as little as possible by the refrigerant
flowing 1nto the outlet chamber 112 1n a refrigerant compres-
sor according to the invention, the wall area 114 which sepa-
rates the outlet chamber 112 from the 1nlet chambers 116 and
118 1s formed by two walls 126 and 128 which extend sepa-
rately from one another over substantial areas of the height of
the cylinder head 110 and between which a free space 130 1s
provided which insulates the walls 126 and 128 relative to one
another and, therefore, also insulates the outlet chamber 112
thermally 1n relation to the inlet chambers 116 and 118.

The two walls 126 and 128 are merely united essentially in
a wall area 132 which borders directly on a base surface 134

of the cylinder head 110.
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The check valve 76 may preferably be arranged in the
intermediate wall 120 and therefore allows refrigerant to be
drawn 1n from the inlet chamber 116 1n a simple manner when
the inlet chamber 118 of the additional compressor stage 70 1s
not supplied with refrigerant via the additional connection 72.

In a second, preferred embodiment of a refrigerant com-
pressor according to the ivention, illustrated in FIGS. 9 and
10, the intermediate wall 120" of the cylinder head 110" 15 not
provided with the check valve 76 but rather a check valve 176
1s provided on a valve plate 140 which rests on a cylinder
housing 142 and bears, for its part, the cylinder head 110"

For this purpose, an additional opening 144 1s provided 1n
the valve plate 140 and this opening 1s arranged so as to be
congruent with a connecting channel 174, which 1s provided
in the cylinder housing 142 and branches off from the inlet
channel 148, and opens 1nto the inlet chamber 118 for the
cylinder 62 of the additional compressor stage 70.

The openming 144 can be closed by a valve tongue 178 of the
check valve 176 which is arranged on a side of the valve plate
140 facing the inlet chamber 118 and is secured, 1n addition,
by a catcher element 180.

The inlet chamber 116 of the main compressor stage 66 1s
provided with refrigerant supplied to the low pressure con-
nection 52 via an ilet channel 148, wherein an opening 150
1s provided 1n the valve plate 140 which 1s arranged so as to be
congruent with the inlet channel 148 and via which the refrig-
crant transiers from the inlet channel 148 into the inlet cham-
ber 116.

As a result, 1t 1s possible 1n a simple manner, as illustrated
in FIG. 10, not only to assign inlet valves, which are not,
however, immediately visible 1n FIG. 10 and are associated
with mlet openings 152 of the main compressor stage 66 and
inlet openings 154 of the additional compressor stage 70, to
the valve plate 140 and, in addition, to arrange the corre-
sponding outlet valves 156 and 158 on the valve plate 140 but
also to provide the check valve 176 in the same way and
preferably with the same construction as the outlet valves 156
and 138 so that this check valve can be mounted 1n a simple
manner and can also be optimized in the same way as the
outlet valves 156 and 158 with respect to its valve character-
1stics.

The mvention claimed 1s:

1. Refrnigeration system comprising a refrigerant circuit, a
main mass tlow of a refrigerant being guided 1n said circuit, a
refrigerant-cooling heat exchanger arranged in the refrigerant
circuit on the high pressure side, an expansion cooling device
arranged 1n the refrigerant circuit, said device cooling the
main mass flow of the refrigerant in the active state and
thereby generating an additional mass tflow of gaseous refrig-
erant, a reservolr for liquefied refrigerant arranged in the
refrigerant circuit, at least one expansion unit for liquefied
refrigerant of the main mass flow, said expansion unmit being
arranged 1n the refrigerant circuit and having an expansion
clement and a post-connected heat exchanger on the low
pressure side, said heat exchanger making refrigerating
capacity available, and at least one refrigerant compressor
arranged 1n the refrigerant circuit, said compressor having a
main compressor stage and at least one additional compressor
stage driven together with the main compressor stage, said
two stages compressing refrigerant to high pressure PH,
wherein the main compressor stage and the at least one addi-
tional compressor stage are adapted to be used such that either
the main compressor stage compresses refrigerant from the
main mass flow and the additional compressor stage com-
presses refrigerant from the additional mass tlow or the main
compressor stage and the additional compressor stage com-
press refrigerant from the main mass tlow, at least two refrig-
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erant compressors being arranged 1n the refrigerant circuit,
said compressors being adapted to be switched on 1ndividu-
ally for the purpose of compressing the main mass flow, at
least two of the refrigerant compressors each have at least one
additional compressor stage, wherein each of the additional
compressor stages 1s adapted to be used optionally for the
compression of refrigerant from the main mass flow or for the

compression of refrigerant from the additional mass tlow and
a control provided for switching in a first operating mode as a
function of the operating conditions on such a number of
additional compressor stages for the compression of refrig-
crant from the additional mass tflow that the expansion cool-
ing device liquefies the main mass flow and reduces its
enthalpy.

2. Relrnigeration system as defined 1n claim 1, wherein the
expansion cooling device reduces the enthalpy of the main
mass tlow by at least 10%.

3. Relrigeration system as defined 1n claim 2, wherein the
expansion cooling device reduces the enthalpy of the main
mass tlow by at least 20%.

4. Refrigeration system as defined 1n claim 1, wherein the
first operating mode corresponds to a supercritical operation.

5. Relrigeration system as defined 1n claim 1, wherein the
expansion cooling device converts the main mass flow into a
thermodynamic state, the pressure and enthalpy values of said
state being lower than those of a maximum of the saturation
curve.

6. Relfrigeration system as defined 1n claim S, wherein the
pressure and enthalpy values of the main mass flow brought
about by the expansion cooling device are close to the satu-
ration curve of the enthalpy/pressure diagram.

7. Relrnigeration system as defined in claim 6, wherein the
pressure and enthalpy values of the main mass flow brought
about by the expansion cooling device are essentially on the
saturation curve of the enthalpy/pressure diagram.

8. Relrigeration system as defined 1n claim 1, wherein the
expansion cooling device has an expansion valve for the
expansion of refrigerant to an intermediate pressure PZ and
wherein the intermediate pressure PZ of the expansion cool-
ing device 1s adjustable by switching on the suitable number
ol additional compressor stages.

9. Refrigeration system as defined 1n claim 8, wherein the
expansion valve expands refrigerant of the main mass flow
and refrigerant of the additional mass flow to the intermediate
pressure PZ.

10. Refrigeration system as defined in claim 8, wherein the
expansion cooling device also comprises the reservoir for the
liquid refrigerant of the main mass flow.

11. Refrigeration system as defined in claim 1, wherein 1n
the second operating mode the expansion cooling device 1s in
the 1nactive state and brings about no cooling of the main
mass tlow.

12. Refrigeration system as defined in claim 1, wherein 1n
the second operating mode all the additional compressor
stages compress refrigerant of the main mass tlow.

13. Relrigeration system as defined 1n claim 1, wherein 1n
the second operating mode liquid refrigerant ol the main mass
flow 1s subject to high pressure PH 1n the reservorr.

14. Refnigeration system as defined in claim 11, wherein
the second operating mode corresponds to a subcritical opera-
tion.

15. Refrigeration system as defined 1in claim 1, wherein the
control controls the refrigerant compressors in accordance
with the refrigerating capacity required.

16. Relrigeration system as defined in claim 1, wherein the
refrigerant compressors are adapted to be switched on or off
individually with the control in accordance with the refriger-
ating capacity required.

10

15

20

25

30

35

40

45

50

55

60

65

16

17. Reirigeration system as defined 1n claim 1, wherein
cach refrigerant compressor with additional compressor stage
1s dimensioned such that the mass flow of refrigerant of the
additional mass flow compressed by the additional compres-
sor stage corresponds at the most to the mass tlow of refrig-
crant of the main mass tlow compressed by the main com-
pressor stage 1n this refrigerant compressor.

18. Refrigeration system as defined 1n claim 1, wherein the
refrigerant compressors with additional compressor stage are
dimensioned such that the additional compressor stages of
different refrigerant compressors compress different mass
flows of refrigerant of the additional mass flow.

19. Refrigeration system as defined 1n claim 1, wherein the
refrigerant compressors with additional compressor stage are
reciprocating compressors.

20. Refrigeration system as defined in claim 19, wherein
cach of the refrigerant compressors with additional compres-
sor stage has at least one cylinder for the additional compres-
sor stage and at least one cylinder for the main compressor
stage.

21. Relrigeration system as defined 1n claim 19, wherein
the number of cylinders for the main compressor stage 1s
greater than the number of cylinders for the additional com-
pressor stage i each refrigerant compressor with additional
compressor stage.

22. Relrigeration system comprising a refrigerant circuit, a
main mass tlow of a refrigerant being guided 1n said circuit, a
refrigerant-cooling heat exchanger arranged in the refrigerant
circuit on the high pressure side, an expansion cooling device
arranged 1n the refrigerant circuit, said device cooling the
main mass flow of the refrigerant in the active state and
thereby generating an additional mass tflow of gaseous refrig-
erant, a reservolr for liquefied refrigerant arranged in the
refrigerant circuit, at least one expansion unit for liquefied
refrigerant of the main mass flow, said expansion unmit being
arranged 1n the refrigerant circuit and having an expansion
clement and a post-connected heat exchanger on the low
pressure side, said heat exchanger making refrigerating
capacity available, and at least one refrigerant compressor
arranged 1n the refrigerant circuit, said compressor having a
main compressor stage and at least one additional compressor
stage driven together with the main compressor stage, said
two stages compressing refrigerant to high pressure PH,
wherein the main compressor stage and the at least one addi-
tional compressor stage are adapted to be used such that either
the main compressor stage compresses refrigerant from the
main mass flow and the additional compressor stage com-
presses refrigerant from the additional mass tlow or the main
compressor stage and the additional compressor stage com-
press refrigerant from the main mass flow,

in the case of at least two refrigerant compressors with
additional compressor stage the additional compressor
stages of different refrigerant compressors have a differ-
ent volumetric displacement.

23. Relfrigeration system as defined in claim 22, wherein
for each refrigerant compressor with additional compressor
stage the ratio of the volumetric displacement of the addi-
tional compressor stage to the volumetric displacement of the
main compressor stage 1s different in relation to atleast one of
the other refrigerant compressors with additional compressor
stage.

24. Refrnigeration system as defined 1n claim 1, wherein 1n
the first operating mode the reservoir for liquefied refrigerant
operates at an intermediate pressure PZ and an additional
expansion unit with an expansion element and a post-con-
nected heat exchanger delivering refrigerating capacity 1s
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provided between the heat exchanger on the high pressure
side and cooling the refrigerant and the reservoir for liquefied
refrigerant.

25. Reinigeration system as defined 1n claim 19, wherein
the refrigerant compressors have cylinder heads, outlet cham-
bers and inlet chambers being designed 1n the case of the said
cylinder heads so as to be essentially thermally decoupled.

26. Refrigeration system as defined 1n claim 1, wherein a
check valve 1s provided for connecting an inlet chamber of the

18

additional compressor stage to the low pressure connection of
the main compressor stage.

277. Relrigeration system as defined 1n claim 26, wherein
the check valve 1s provided 1n a valve plate of the respective
refrigerant compressor.

28. Relrigeration system as defined 1n claim 27, wherein
the connecting channel between the low pressure connection
and the check valve runs 1n a cylinder housing.
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